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(57) A method and apparatus for making high speed 
injection molded ultra-thin walled plastic parts which are 
scarless at the gate area so that molten mold material 
fills a hot runner system 2, and is kept under pressure. 
The mold material fills the channel 4 and the recessed 
area 9. A core pin is initially kept at a position such that 
the central cylindrical body portion 8b of the core pin 8 
seals off, or blocks, the mold cavity 1 0 at the annular gate 
9a. To fill the mold cavity 10, hydraulic pressure is ap- 
plied to the proximal end of the core pin, and the core 
pin 8 is depressed a predetermined distance. The pin 8 
is held in the depressed position such that the tapered 
end portion 8c is positioned to open the gate 9a and al- 
low molten molding material to flow under pressure into 
the molding cavity 10. At predetermined time sufficient 
for the mold cavity 10 to be filled with molten mold ma- 
terial, the hydraulic pressure on the core pin 8 is 
switched, and the core pin 8 returns to a predetermined 
position within the channel 4, such that the central cy- 
lindrical body portion 8b of the core pin 8 is in contact 
with and seals off the annular gate 9a. In this way, the 
core pin 8 creates a scarless opening 9b at the gate 9a. 
The mold half blocks 15 and 16 are then separated by 
any mechanical means to reveal the molded part 17 
which is preferably retained in either mold half block. 
The part is then mechanically and preferably automati- 
cally removed from the mold. 




FIG. 1 
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Description 

The present invention relates to the manufacturing 
and machining of ultra-thin parts; in particular, the injec- 
tion molding of ultra-thin parts which require a precision 
hole located at the gate area. 

Precision parts often require a perfectly smooth sur- 
face. Injection molding plastic parts without the pres- 
ence of mold lines, or gate scars is difficult, but often 
required for certain uses. When the function of an injec- 
tion molded part requires a precision opening, or hole, 
in the part, such holes or other openings may be phys- 
ically cut or punched out of the part after the part is re- 
moved from the mold. After punching out the hole, pol- 
ishing or trimming is often required for an acceptable 
finished part. In addition, some parts may either be too 
thick or too thin to make precision punching viable. For 
thick parts, as well as thin parts (parts having thickness- 
es about 1/32 of an inch, or 0.8 mm), depending upon 
the tolerances required of the finished part, molding 
openings into the part often reduces or eliminates the 
need for trimming and polishing steps after hole punch- 
ing. 

Methods for molding parts with holes are disclosed 
in US-A-4,41 2,805 and US-A-4,439, 1 32. In these pat- 
ents, a part with a centrally located hole is molded with 
a die plug that is part of the lower mold half. In US-A- 
4,340,353 a method for molding record discs with mol- 
ten materials injected into the mold at an axis coincident 
with the central aperture is disclosed. US-A-5,391 ,579 
discloses another method for injection molding record 
discs which implements an axially movable valve. US- 
A-4,394, 117 discloses creating apertures in molded 
parts. After injecting material through a gate located 
near the center, a sleeve component is engaged to in- 
terrupt molten material flow and leave a hole produced. 
Injection molding is therefore a widely practiced method 
of molding openings into plastic parts. 

However, for certain applications, thin-walled or ul- 
tra-thin parts may be desired. For the purposes of the 
present invention, ultra-thin parts are understood to 
have thicknesses of less than about 0.6 mm. Those 
skilled in this art usually fabricate ultra-thin plastic parts 
by punching the parts from a sheet of ultra-thin plastic. 
Similarly, if a hole or other shape must be made in an 
ultra-thin part, the hole is punched, cut or otherwise 
physically made in the ultra-thin sheet material used to 
make the part. However, it is very difficult and often im- 
possible to machine ultra-thin materials to a precise tol- 
erance by methods such as punching. If the ultra-thin 
plastic material is brittle, the parts often break or tear 
irregularly during punching or cutting attempts. If the ul- 
tra-thin plastic is excessively pliable, the sheet is de- 
formed during the process and the punched or cut open- 
ing lacks the required precision for certain specifications 
due to unavoidable irregularities. 

Some injection molding machines that are commer- 
cially available purport to make ultra-thin plastic parts 



(for example 0.6mm wall thicknesses). Such machines, 
however, leave a gate scar of at least up to 08mm. 
Therefore, when the application for an ultra-thin walled 
part requires no gate scar neither punching nor conven- 
5 tional injection molding can produce an acceptable re- 
sult. The precision manufacturing difficulties are further 
complicated when a required precision opening must be 
made at the gate area of an ultra-thin part. 

The present invention is directed to a method and 
10 apparatus for molding precise and scarless openings at 
the gate area into molded, ultra-thin walled parts. Sur- 
face irregularities, nicks, scars or other cutting defects 
of molded ultra-thin walled parts are eliminated as well 
as additional processing steps (for example polishing, 
is trimming, and so forth) through the use of the injection 
molding method and apparatus of the present invention. 

According to the method and apparatus of the 
present invention, an ultra-thin walled part having a 
scarless opening at the gate area is formed by providing 
20 a mold with a hot runner system attached to a high 
speed injection molding machine. The runner system 
has a body member having a channel for passing molten 
materials. The channel has an inlet end, an outlet end, 
and a ring gate surrounding the outlet through which the 
25 molten material flows into a mold cavity. The channel 
has a recessed area near the outlet end where the chan- 
nel diameter narrows. The runner system further in- 
cludes a core pin which is movably mounted in the chan- 
nel, and extends from the outlet end of the channel to a 
30 distance such that the tip of the core pin extends per- 
pendicularly through the mold cavity to form an opening 
in the molded ultra-thin walled part. The core pin is dis- 
placeable between a first position and a second posi- 
tion. In the first position, the cylindrical body of the core 
35 pin tip is in the recessed area of the channel, adjacent 
the annular gate of the molding cavity thereby restricting 
molten material flow through the outlet end. In the sec- 
ond position, the core pin is depressed to a position such 
that the molten material, when present, flows from the 
40 channel through the annular gate and into the mold cav- 
ity. Molding material is provided to the injection molding 
machine and heated to a temperature sufficient to make 
the molding material molten. Molten material is then in- 
jected under pressure and at high speed into the inlet of 
45 the channel. The core pin is oriented into the second 
position thereby permitting molten material flow from the 
channel through the annular gate and into the mold cav- 
ity. The molten material is then injected at high speed 
into the molding cavity. The core pin is then repositioned 
50 or retracted to the first position thereby restricting the 
flow of molten material from the outlet end of the channel 
into the mold cavity, scarlessly molding an opening at 
the gate area into the ultra-thin walled part. 

Further objects and advantages of the invention will 
55 become apparent from the following description taken 
together with the accompanying drawings. 

The accompanying drawings illustrate the inven- 
tion. In such drawings: 
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Fig. 1 is a cross-sectional side view of the molding 
system and injection nozzle in the body member 
containing the core pin valve member; 
Fig. 2 is a cross-sectional side view of the mold with 
the core pin valve member in the first or "down" po- 
sition allowing the flow of material into the mold; 
Fig. 3 is a cross-sectional side view of the mold with 
the core pin valve member in the "up" position re- 
stricting further material from flowing into the mold 
cavity; 

Fig. 4 is a plan view of the molded ultra-thin part at 
rest in the opened mold half; and 
Fig. 5 is a cross-sectional side view of the part at 
rest in the opened mold half. 

The present invention will now be described in detail 
with reference to the drawings. Fig. 1 shows a cross sec- 
tional side view of the molding system. The injection 
mold 1 is attached by a bolting means (not shown) to a 
high speed injection molding machine. The hot runner 
system 2, is a multichambered hydraulically actuated 
valve gated injection molding system. The runner sys- 
tem has a heated chamber 3 and channel 4. The heated 
chamber 3 has a central bore of a predetermined diam- 
eter. The channel 4 extends from a heated manifold 5. 
The manifold 5 is attached to the injection mold 1. The 
channel 4 has a predetermined volume. The channel 4 
has an inlet or proximal end 6, and an outlet or terminal 
end 7. A core pin 8 is disposed throughout the length of, 
and centrally located within, the channel 4. The channel 
4 narrows to a region of smaller diameter at recessed 
area 9. One end of the core pin 8 is attached at one end 
to an automated hydraulic piston means 13 which 
moves the core pin 8 slidably along its axis 8a. The other 
end of core pin 8 extends through the nozzle 11 of the 
hot runner system 2. 

In Fig. 1 , the core pin 8 is located in the "up" or initial 
position. The tip of the valve pin 8 extends through the 
gate (not shown) of molding cavity 10. In this position, 
the system is closed and there can be no molten mate- 
rial flow from the injection molding system 2 into the 
molding cavity 10 as the tip of the core pin "blocks" the 
flow of molten material into the mold cavity. 

With reference to Fig. 2, the core pin 8 has a central 
cylindrical body portion 8b with tapered end portions 8c, 
8d at opposite ends. The diameter of the central body 
8e is only slightly smaller than the diameter of the chan- 
nel 8f. In the preferred embodiment, the central cylindri- 
cal body portion 8b of the core pin tip has a diameter 
nearly equal to the annular gate 9a; having just enough 
room therebetween to slidably move. The distance ther- 
ebetween is preferably less than about 0.005mm. When 
the central body portion of the core pin 8b is positioned 
adjacent to this annular gate 9a, the mold cavity is 
sealed closed. When the core pin is in its depressed or 
"down" position, the tapered end portion 8c is tapered 
enough to permit molten plastic to enter the annular gate 
9a and fill the mold cavity 10. Fig. 2 shows the core pin 



depressed into the "down" or flow position. In this posi- 
tion, the core pin has been lowered or depressed via 
hydraulic piston means 1 3 to a predetermined distance 
by actuating hydraulic pressure to move the hydraulic 

5 piston means 1 3 down, lowering the core pin 8 and 
opening the gate 9a of the molding cavity 10. In a pre- 
ferred embodiment, the hydraulic piston means 13 au- 
tomatically depresses the core pin 8 to a position such 
that the bottom of the recess area 9 is even with the 

10 lower wall 12 of the molding cavity 10. When the core 
pin 8 is in its "down" position, molten material flows un- 
der predetermined and specified temperature, pressure 
and speed into the molding cavity 10 (which has a cal- 
culated volume) for a specified and predetermined 

15 amount of time. When the core pin 8 is retracted to its 
"up" position (Fig. 3), material flow into the mold cavity 
1 0 is terminated, the core pin 8 scarlessly forming a pre- 
cision opening 9b in the part 17 at the annular gate area 
9a. The escape of material from the mold cavity 10 is 

20 prevented since core pin 8 seals off the annular gate 9a. 
In addition, the core pin 8 simultaneously seals off the 
recessed area 9, thereby containing the molten fluid in 
channel 4 while the material in molding cavity 10 solid- 
ifies. At a specified time when the solidified material is 

25 at the desired temperature, the upper mold cavity block 
1 5 is separated from the lower mold cavity block 1 6 and 
the core pin 8 is removed from the mold cavity hole, leav- 
ing a scarless precision gate opening 9b in the solidified 
part 17 selectively retained on the lower mold cavity 

30 block 1 6, see Figs. 4 and 5. It is understood that the part 
may be retained on either mold half as desired. The part 
1 7 is ejected from the mold half by mechanical or robotic 
means as would be readily apparent to one skilled in the 
field. 

35 The core pin 8 may be formed of tool steel AISI-S7 
or AISI-A2, and is preferably formed from tool steel AISI- 
S7, and is preferably driven by a hydraulic means, but 
may be driven by pneumatic, mechanical, manual, or 
electrical actuating mechanism 13, as may be desired, 

40 seated in the top plate 14. (See Fig. 1). 

The chamber 3 is heated by an electric heating el- 
ement (not shown) which may be cast or pressed into 
the manifold and which receives power from a source 
through terminals (not shown). The heat is controlled to 

45 maintain the molten material at a temperature sufficient 
to inject the material at high speed into the mold. 

Preferably, in operation, when the core pin 8 is in its 
raised position it keeps the molten mold material sealed 
in the outlet 7 of channel 4. The material injected into 

50 the mold cavity 1 0 is allowed to cool, solidify and is then 
ejected from the injection mold apparatus 1 . Thereafter, 
the molten mold material retained in outlet 7 is ready for 
injection into the mold cavity 10 to repeat the molding 
process. 

55 The molding material is preferably introduced to the 
injection molding machine as a pellet powder, granule 
or other solid form, with a pellet form being most pre- 
ferred. The material may be any thermoplastic depend- 
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ing only upon the constraints of the molding system, 
which may be significant. It was discovered that to ac- 
complish filling the mold to form an ultra-thin walled part, 
the plastic material in the molten state preferably dis- 
plays non-Newtonian flow properties. It was experimen- 
tally determined that minimized manifold volume and 
maximized initial injection speed are preferred condi- 
tions. Therefore, the molten material may be any ther- 
moplastic material which may be made to flow at the 
high speeds required by the molding system and meth- 
od of the present invention. The material may be in 
"pure" form; made entirely of one component, or may be 
made of a combination or mixture of many different com- 
ponents. The molten material may be selected from any 
thermoplastic material, depending upon the intended 
use for the finished part. For molding ultra-thin walled 
parts, according to the method of the present invention, 
plastics such as polystyrene are preferred, with Nova- 
cor™ 3350 polystyrene (Novacor Chemicals Inc., 
Leominster, MA) being most preferred. 

The injection molding method and system of the 
present invention is designed to mold ultra-thin walled 
parts with scarless openings at the gate area. The parts 
preferably have thicknesses of from about 0.05mm to 
about 0.5mm ; and more preferably from about O.lmm to 
about 0.4mm, while having no perceptible gate scars on 
the part surface or at the gate area. 

The openings molded into the ultra-thin walled parts 
of the present invention are preferably made at the an- 
nular gate area. The injection molding system injects 
molten material at sufficiently high velocity to completely 
fill the mold. The core pin valve member then displaces 
molten material at the gate area to form a scarless gate; 
a gate area free from nicks, or scars. Imperfections of 
about .013mm or less are considered to be "scarless". 

The molten material is injected into the mold at a 
rate of from about 600 to about 1500mm/sec, more 
preferably about 800 to about 1250 mm/sec, and most 
preferably about 1000mm/sec. The injection velocity is 
achieved by cooperatively designing the mold volume 
to be filled with molten material, the volume and diam- 
eter of the recess area in the core pin valve member, 
the volume of the injection molding chamber and chan- 
nel holding the molten material, and the pressure sup- 
plied to the system. 

The high speed injection molding machines incor- 
porated in the present invention may be selected from 
a variety of commercially available high speed injection 
molding machines able to deliver molten plastic at a de- 
sired speed to fill a mold of desired dimensions, as 
would be apparent to one skilled in the injection molding 
field. 

In operation, molten mold material fills the hot run- 
ner system 2, and is kept under pressure. The mold ma- 
terial fills the channel 4 and the recessed area 9. The 
core pin 8 is initially kept at a position such that the cen- 
tral cylindrical body portion 8b of the core pin 8 seals off, 
or blocks the mold cavity 1 0 at the annular gate 9a and 



retains the molten mold material in the recessed area 9 
of channel 4. To fill the mold cavity 10, hydraulic pres- 
sure is applied to the proximal end of the core pin 8, and 
the core pin is depressed a predetermined distance to 

5 open the gate 9a. The pin 8 is held in the depressed 
position such that the tapered end portion 8c is posi- 
tioned to allow molten molding material to flow under 
pressure through gate 9a and into the molding cavity 1 0. 
At predetermined time sufficient for the mold cavity 10 

10 to be filled with molten mold material, the hydraulic pres- 
sure on the core pin 8 is released, and the core pin 8 
returns to a predetermined position within the channel 
4, such that the central cylindrical body portion 8b of the 
core pin 8 is in contact with the annular gate 9a. So, the 

75 core pin 8 simultaneously seals off the gate 9a and the 
recessed portion 9 of channel 4. In this way, the core 
pin 8 has created a scarless opening at the gate 9a. The 
mold half blocks 15 and 16 are then separated by suit- 
able mechanical means to reveal the molded part 17 

20 which may be preferably retained in either mold half 
block. The part 17 is then mechanically and preferably 
automatically removed from the mold 1 using any 
means which would be readily apparent to one skilled 
in the art. 

25 in one preferred embodiment, the channel 4 of the 

body member of the hot runner system 2 must be heated 
to a temperature sufficient to maintain the molding ma- 
terial at temperatures that enable the material to be in- 
jected to fill known mold volumes at high speed. For ex- 

30 ample, it was discovered that to accurately mold ultra- 
thin walled parts with thicknesses of from about .01 mm 
to .02 mm, made from thermoplastic materials such as 
polystyrene, the material had to be maintained at its op- 
timum melt temperature of about 500°F. The injection 

35 molding machine then applied an injection pressure of 
1 50 bar, such that the mold was filled at an injection rate 
of about 1000mm/sec. 



Parts List 

40 

1 - Injection Mold 

2 - Hot Runner System 

3 - Chamber 

4 - Channel 

45 5 - Hot Manifold 

6 - Inlet 

7 - Outlet 

8 - Valve Pin 

8a- Core Pin Axis 
50 8b- Control Cylindrical Body (Core Pin) 

8c- Tapered End Portion (Upper) 

8d- Tapered End Portion (Lower) 

Be- Central Body Diameter 

8f- Channel Diameter 
55 9 - Recess/Groove Area 

9a- Annular Gate 

9b- Precision Opening 

10- Ultra Thin Walled Molding Cavity 
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11- Nozzle 

12- Lower Wall of Molded Cavity 

13- Hydraulic Piston 

14- Top Plate 

15- Upper Cavity Block 

16- Lower Cavity Block 

17- Part 



Claims 

1. In a method for forming an ultra-thin walled part 
formed by providing a high speed injection molding 
machine with a hot runner system (2) mold, the run- 
ner system having a body member with a channel 
(4) for carrying molten material, the channel having 
an inlet end (6) and an outlet end (7), and a re- 
cessed area surrounding the outlet end through 
which the molten material flows from the channel 
into an ultra-thin walled molding cavity (1 0), the run- 
ner system further including a core pin (8) around 
which the molten material flows and being movably 
mounted in the channel and extending from the out- 
let end of the channel to a distance such that a por- 
tion of the core pin extends perpendicularly through 
the ultra-thin walled molding cavity to form an open- 
ing in the molded ultra-thin walled part, the core pin 
being displaceable between a first position wherein 
the core pin is positioned within the channel to re- 
strict the flow of the molten material through the out- 
let end, and a second position wherein the core pin 
is partially displaced from the channel and the re- 
cessed area of the channel, such that the core pin 
opens a path to the ultra-thin walled molding cavity 
thereby forming a flow path between the outlet end 
of the channel and the ultra-thin walled molding cav- 
ity; the improvement which comprises: 

injecting at high speed the molten material 
from the channel through an annular gate (9a) to fill 
an ultra-thin walled molding cavity having uniform 
wall thicknesses in the range of from about 0.05 mm 
to about 0.5 mm; and retracting the core pin in an 
axial direction to form ascarless annulusatthe gate 
area of the ultra-thin walled molded part. 

2. The method of claim 1 wherein the core pin moving 
from its first position to its second position simulta- 
neously closes off molten fluid flow into the ultra- 
thin molding cavity while scarlessly forming an 
opening at the annular gate. 

3. A high speed injection molding machine having a 
mold for molding ultra-thin walled parts having a 
scarless opening at the gate area comprising: 

an ultra-thin walled molding cavity; and a hot 
runner having a heated channel for carrying molten 
molding material, the heated channel having an in- 
let end, an outlet end, a gate located between the 



outlet end and the ultra-thin walled molding cavity 
through which the molten material flows from the 
channel into the ultra-thin walled molding cavity; a 
core pin having a shaft with a terminal end around 
which the molten material flows and being movably 
mounted in the channel, the core pin being dis- 
placeable between a first position wherein the core 
pin is positioned within the channel to seal off flow 
of the molten material through the outlet end, and 
close off the gate.and a second position wherein the 
core pin is partially displaced from the channel to 
open the outlet end of the channel and open the 
gate, thereby establishing a flow path between the 
outlet end of the channel and the ultra-thin walled 
molding cavity. 

4. The molding machine of claim 3 wherein the core 
pin moving from its first position to its second posi- 
tion simultaneously closes off molten fluid flow into 
the ultra-thin molding cavity while scarlessly form- 
ing an opening at the annular gate, or claim 4 

5. The molding machine of claim 3/ further comprising 
an hydraulic positioning means for orienting the 
core pin in the first position and second positions. 

6. The molding machine of claim 3, 4 or 5 wherein the 
injection means for injecting the molten material into 
the inlet of the channel and into the ultra-thin walled 
molding cavity is a high speed injection molding 
means. 

7. The molding machine of any one of claims 3 to 6 
wherein the thickness of the ultra-thin walled mold- 
ing cavity used to mold the ultra-thin walled part is 
from about 0.05 to about 0.5mm. 

8. The molding machine of claim 7 wherein the thick- 
ness of ultra-thin walled molding cavity used to mold 
the ultra-thin walled part is from about 0.1 to about 
0.4mm. 

9. An ultra-thin walled high speed injection molded 
part having a scarless opening at the annular gate 
area, having a thickness of from about 0.01 mm to 
about 0.5 mm, and having a uniform thickness 
throughout the molded part within a deviation of less 
than about +/-0.00127 mm. 

10. A high speed hot runner injection molding appara- 
tus comprising: 

a heated runner enclosing a chamber with an 
inlet end and an discharge end for carrying molten 
molding material; a molten molding manifold locat- 
ed at the inlet end of the chamber; a discharge 
opening at the discharge end of the chamber; an 
ultra-thin walled molding cavity having a gate dis- 
posed proximate the discharge end of the chamber; 
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a core pin disposed inside the chamber and having 
a first sealing surface for sealing the discharge 
opening of the chamber and a second sealing sur- 
face for sealing the gate; and a piston coupled to 
the core pin for moving the core pin to a first position 
for sealing the chamber and the gate and to a sec- 
ond position to open the chamber and the gate so 
that molding material in the chamber is injected into 
the ultra-thin walled molding cavity. 
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